INTRODUCTION
I n the current surveillance of HIV infection in China, two new situations are emerging: one is the increasing number of national HIV/AIDS sentinel surveillance sites from 194 in 2003 to 329 in 2005, 1 resulting in more complete and representative data about HIV prevalence. Some studies show that the HIV prevalence has corresponding high variation with differences of prevalence between the general population and the high-risk population group (more than about 1000 times 1 ). The other development is the improved quality of the test kits, leading to higher accuracy. For example, the sensitivity and specificity of the double-antigen sandwich enzyme-linked immunosorbent assay (third-generation enzyme-linked immunosorbent assay, third ELISA) for HIV-Ab test, widely used in China, are both over 96%. 2 -10 The studies from United States, Japan, India and Pakistan show that even high-accuracy test kits cannot prevent a high proportion of false-positive results, especially when testing individuals from a low-risk population, which will directly affect the researchers' judgements on the HIV-Ab positive results in practice. 11 -17 Although many studies on the sensitivity and specificity of the test kits and the HIV prevalence of different population groups have been conducted in China, 1,3 -10 studies that analyse the relationship between the false-positive/negative predictive value (FPPV/FNPV) of the HIV-Ab test and the HIV prevalence in different Chinese population groups are scarce.
In this paper, first, we characterized the factors that influence the FPPV/FNPV of HIV-Ab test among different Chinese population groups using data on HIV-Ab from the Jiangsu Provincial screening survey of blood donors, and from the national HIV/AIDS surveillance programme in China. Secondly, the relationship between the FPPV/FNPV and HIV prevalence in the population was interpreted and assessed according to the current possible variation range of sensitivity and specificity of third ELISA HIV-Ab test kits. Finally, we estimated the correct HIV-Ab ELISA test results in different populations.
METHODS

False-positive predictive value and false-negative predictive value
FPPV/FNPV may be defined as the probabilities of misclassified individuals with positive or negative test readings, respectively when a chosen test kit is applied to a population with a certain prevalence. 16 Both the FPPV and FNPV can be written with probability notation as FPPV ¼ Pr(D -/T þ ) and FNPV ¼ Pr(D þ /T -), where D þ and Dare the presence and absence of the disease; T þ and Tare the positive and negative test readings respectively; and Pr (A/B) is the conditional probability of event A given event B. The FPPV therefore gives an estimate of the proportion of misclassified individuals with positive tests, and the FNPV gives an estimate of the proportion of misclassified individuals with negative tests. We can calculate the probabilities of misclassification associated with the possible outcomes of a test by
where positive predictive value (PPV) is the probability of correctly classifying an individual if the individual tests positive, or, NPV (negative predictive value) if the individual tests negative. Obviously, FPPV and FNPV are the reverse events of PPV and NPV, respectively.
Given the sensitivity (Se) and specificity (Sp) of a test kit and the prevalence (P) of HIV infection, the false-positive and NPVs can be calculated using Bayes' formula. 16, 18, 19 
HIV prevalence in different population groups 20 All serum was first tested with two third ELISA assays (both based on different antigen preparation and made by different manufacturers). Any serum that is reactive on either ELISA test (on the first test and/or on the second test) was sent to the HIV Reference Laboratory of Jiangsu Provincial Center for Disease Control and Prevention (Jiangsu CDC) to undergo confirmation testing by Western blot (WB). WB results were interpreted according to WHO criteria. 21 Serum that is non-reactive on both ELISA assays is considered to be HIV-Ab negative. Serum reactive on either ELISA test and on WB test is considered to be HIV-Ab positive. Serum reactive on either or both ELISA test but nonreactive on WB test is considered to be HIV-Ab false-positive. If WB results are inconclusive, the following procedures are followed: (a) if the blood donors are followed up successfully, use the results from follow-up were used; (b) if the blood donors have not been followed up successfully and were positive on both ELISAs, the subjects with an indeterminate WB were considered to be HIV-Ab positive; (c) if the blood donors have not been followed up successfully and the results were only weak positive on either ELISA, the subjects with an indeterminate WB were considered to be HIV-Ab negative; (d) if the blood donors have not been followed up successfully and results were strongly positive on either ELISA, the subjects with an indeterminate WB were considered to be HIV-Ab indeterminate and were not used in the calculations.
Besides the HIV prevalence of voluntary blood donors which was obtained by our retrospective survey, the HIV prevalence of other populations, including pregnant women (high-risk areas), sex workers, drug users and injecting-drug users (high-risk areas), were taken from the official report, 
Statistical analysis
False-positive and NPV with the variation of sensitivity, specificity and prevalence were calculated by SAS 9.1 (SAS Institute Inc, Cary, NC, USA).
RESULTS
Sensitivity and specificity of the HIV antibody test kits
Eight articles, in which 19 evaluations of HIV test kits conformed with our criteria, including 1165 reference samples for the assessment of sensitivity and 2631 reference samples for the assessment of specificity, were obtained by manual and computer retrieval. 3 -10 Some descriptive statistics of the sensitivity and specificity of the third ELISA HIV-Ab test kits are shown in Table 1 .
False-positive predictive value and false-negative predictive value of the HIVantibody evaluated in different population groups
According to Equations (1) and (2), with median specificity of 96.81% and median sensitivity of 97.78% (see Table 1 ), evaluations of the FPPV/FNPV of the HIV-Ab in different population groups are shown in Table 2 .
As Table 2 shows, the FPPVs among different population groups differ significantly. The FPPV estimated based on Equation (1) can reach 99.697% in the blood donation population group. In other words, 99.697% of the HIV-Ab positive results may be false-positives in this group. Our surveys also show that, in 1,195,286 sera specimens from the blood donors, 2439 specimens were HIV-Ab positive by third ELISA, and 11 HIV cases were confirmed by WB. So the actual value of FPPV in the survey could be (2439 -11)/2439 ¼ 99.549% (actual value obtained by screening survey of voluntary blood donors), which is very close to the estimated value of 99.697% (the estimated value calculation based on Equation (1)). The HIV prevalence of the blood donor population in this survey was 0.0009% (11/1,195,286) , but the HIV-Ab positive rate of third ELISA was 0.2% (2439/1,195,286), 222 times higher than the prevalence. Table 2 also shows that with the exception of the injecting-drug user group, the FPPV was significantly higher than the FNPV.
DISCUSSION
This study indicates that the FPPV of HIV-Ab ELISA assays varies widely in different Chinese populations. About 99.5% of the HIV-Ab tests may be false-positive in the blood donor population, whereas the FPPV is only 3.2% in the injecting-drug users in high-risk areas. Therefore, prevalence in the surveillance population should be taken into consideration when analysing the results of the HIV-Ab test. The routine disclosure of HIV serum screening results prior to WB confirmation should be avoided in very low-risk populations. However, in high-risk populations, the reactive results of HIV-Ab ELISA have important diagnostic value for HIV infection. In addition, 1,195,286 specimens from the voluntary blood donors in this survey reveal that the HIV-Ab positive rate of third ELISA is 222 times higher than its true prevalence, which suggests that evaluating the prevalence of a population by the HIV-Ab positive rate (such method is usually adopted by researchers if the population prevalence is high and both the sensitivity and the specificity of the test kits are excellent) will significantly overestimate the true prevalence in a low-prevalence population. Thus when assessing the results of the HIV-Ab ELISA test, it is incorrect to think that a positive reading is very significant in practice without considering the population infection level.
The number of positive sera of voluntary blood donors by ELISA which were confirmed by WB in our study (11 of the 2439 samples, 0.45%) is significantly smaller than the number reported by Sheikh et al. and Zacharias et al. 11, 12 Our ELISA HIV-Ab false-positive rate was much higher than those of Scheikh and colleagues and Zacharia and colleagues. We believe that the reasons for this difference are our different screening strategy and screened populations. In our study, all serum were tested with two ELISA assays on stage I, and serum reactive on either assay was retested on stage II with a WB as a confirmation test. In Scheikh et al.'s study, only one rapid test was used on stage I, and any serum reactive on rapid test entered stage II and stage III for confirmation by ELISA assays. Our screening strategy will decrease the chance of HIV-Ab falsenegatives (which is vital to ensure transfusion safety), and at the same time, increase the probability of HIV-Ab falsepositives. WB as a confirmation test in our screening provides much more opportunity to find HIV-Ab false-positives than using ELISAs as confirmation test in Scheikh et al.'s study. Another factor causing more ELISA HIV-Ab falsepositives in our study was the difference between the population of our voluntary blood donors and the population in the studies of Sheikh et al. and Zacharias et al. Zacharias et al.'s study subjects were gravidas delivering at a birthing centre. A history of multiple (!5 lifetime) sexual partners was elicited in the majority of HIV-infected patients. The HIV prevalence in the study by Zacharias et al. 12 was 0.71% (69/9781) and in Sheikh et al.'s 22 study was 0.22% (11/5000), 11 but the HIV prevalence among our voluntary blood donors was only 0.0009% (11/1,195,286) which is somewhat higher than in the German voluntary blood donors (0.0006%). Voluntary blood donors in our study mainly consist of healthy university students, soldiers and other generally healthy population and their HIV prevalence is likely to be very low. Studies show that the lower the prevalence, the higher the proportion of false-positives. 16, 19 So this is another potential reasonable explanation for the higher proportion of false-positives in our study in comparison with those of Schikh et al. and Zacharias et al. The estimated values of FPPV/FNPV value were calculated based on the Equations (1) and (2) 
